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1. One mole of an ideal gas (-C-.,- = 3/2R) at 20°C and 1 atm pressure
is: A) isothermally, reversibly expanded to twice the initial

volume.

Calculate g, w, AE and AH for this process. | QT
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From point A) the temperature of the gas is raised to 80°C,

keeping the volume constant. o D
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Calculate q, w, AE and AH for this process. |
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In a separate experiment the same gas is first heated to 80°C,
then is isothermally expanded to twice its original volume.

Calculate AE and AH for this process. _
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2. A mountaineer caught in a rainstorm might easily absorb 1 liter
of water in her clothing. If it is windy, and this amount of water
is evaporated at 20°C, how much heat would be absorbed from the body
in the process?
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How many grams of sugaf (table sugar = sucrose) would the body have
to burn {aerobically metabolize: C3;2H22013 + 02 —> CO2{(g) + H20(liqg)}
to replace that heat? |
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If we assume that the mountaineer weig 60 kg (all of which we
may assume behaves like water), what drop in body temperature
would occur if no heat were generated?
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3. A biochemistry student noticed the protein she was interested
in being degraded. She thought it might be happening through
proteolysis of unfolded protein. After searching in recent
journals she found a calorimetric study of this protein which gave

Tm = 55°C, AHunfolding = 400 kJ/mol, and ACp = 4.5 kJ/mol/K.

{remember ACp - (CpY - Cpf) r @and Ty is the midpoint temperature for
the unfolding transition, at which [folded]=[unfolded])
For a solution with a total protein concentration of 100 M, what
would the concentration of unfolded protein be at 25°C?
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As part of her research project this student changed an amino acid in
the known structure of this protein to make a new "salt bridge"
(ionic + & - charge interaction). Based on other proteins she
thought this should lower the free energy of the folded structure,
but not the unfolded form, giving an increase in AG of unfolding of
+10 XJ/mol. If this AAG is assumed to be temperature independent,
would the Ty increase or decrease? Justify your answer by drawing

appropriate protein stability curves {AG(f-u) vs. T}, labelling them
appropriately.
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S. A student had labo'riously chemically synthesized an RNA
oligomer: AAAAARAUUUUUUU, two molecules of which can for a double
helix in solution: 2 r{A7U7) == 1r(A7U7)2

He was afraid to heat it too high since it might be hydrolyzed,
but could determine that in a solution with a total concentration
of r(A7U7) of 100 UM at 37°C the duplex is 10% dissociated. From a

table of stacking energies determined for other nucleic acids he
could calculate that AH° for duplex formation in his sequence
shpuld be -450 kJ/mol. From these data determine what the Tm for

the. duplex shguld be ifl this_ sample. ;'0( MM M?&S- L‘;C( “ 0
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